We have been conducting a human cDNA project to predict protein-coding sequences in long cDNAs (> 4 kb) since 1994. The number of these newly identified human genes exceeds 2000 and these genes are known as KIAA genes. As an extension of this project, we herein report characterization of cDNAs derived from mouse KIAA-homologous genes. A primary aim of this study was to prepare a set of mouse KIAA-homologous cDNAs that could be used to analyze the physiological roles of KIAA genes in mice. In addition, comparison of the structures of mouse and human KIAA cDNAs might enable us to evaluate the integrity of KIAA cDNAs more convincingly. In this study, we selected mouse KIAA-homologous cDNA clones to be sequenced by screening a library of terminal sequences of mouse cDNAs in size-fractionated libraries. We present the entire sequences of 100 cDNA clones thus selected and predict their protein-coding sequences. The average size of the 100 cDNA sequences reached 5.1 kb and that of mouse KIAA-homologous proteins predicted from these cDNAs was 989 amino acid residues.
Since the draft human genome sequence became available, the term 'post-genome' has urged us to redouble efforts in understanding gene functions more comprehensively than before.
1 However, we cannot move toward the "post-genomic" era without various kinds of genomic resources. In this regard, a collection of sequence-verified cDNA clones is one of the most important resources for the functional analysis of human genes. Having considered this situation 8 years ago, we initiated a human cDNA sequencing project to accumulate information regarding the protein-coding sequences (CDSs) of unidentified genes. 2 In particular, we have focused our sequencing efforts on long cDNAs encoding large proteins. We have already reported the cDNA sequences of more than 2000 genes to date and systematically designated them using "KIAA" plus a 4-digit number. 3 The average length of the cDNA inserts and gene products deduced from the Communicated by Michio Oishi * To whom correspondence should be addressed. Tel. +81-438-52-3913, Fax. +81-438-52-3914, E-mail: ohara@kazusa.or.jp cDNAs is 5.0 kb and 916 amino acid residues, respectively. The information regarding KIAA genes has been shared with the research community worldwide through the HUGE database (http://www.kazusa.or.jp/huge).
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Since KIAA genes were characterized as unknown genes, at least at the time they were sequenced, little is known about their biological functions. Thus it is highly desirable to characterize KIAA genes and their products from a biological viewpoint. Since most KIAA genes encode large proteins, the functional characterization of KIAA genes might uncover unknown general aspects of the biological roles of large proteins. For example, most positionally cloned human disease genes reportedly encode large proteins. 5 Moreover, the cellular functions of large proteins are frequently found to be tightly linked to phenotypic characteristics of multi-cellular organisms. 6 These observations strongly motivated us to characterize KIAA genes and their gene products from a biological viewpoint although large cDNAs, as well as large proteins, are difficult molecules to study experimentally.
Thus, all the currently available experimental means should be fully exploited for this purpose. However, there are obvious limitations in analysis of human genes and proteins from a physiological viewpoint, primarily due to ethical issues. For example, the application of genetic manipulation technology in humans is unethical for the purpose of in vivo studies of KIAA genes although this technology is quite powerful for exploration of the physiological functions of genes. In addition, human tissue specimens become available only when they are removed as part of a biopsy or postmortem examination, which considerably restricts analysis of human mRNA and proteins in vivo. One alternative is to use animal models for functional characterization of KIAA genes. Although our ultimate goal is to understand the physiological roles of KIAA genes in humans, functionally characterizing KIAA genes in a model mammal would certainly contribute to the body of knowledge on this topic. In this respect, we consider that the mouse is the best model mammal for this purpose at present: (1) The mouse draft genome sequence has just become available (http://www.ncbi.nlm.nih.gov/genome/guide/mouse/ index.html; http://www.ensembl.org/Mus musculus/); (2) many lines of mutant mice are also available at present; (3) the mouse cDNA resource is also being prepared in the public domain. [7] [8] [9] We thus believe that exploration of the biological functions of KIAA genes in mice would provide insight into the physiological roles of KIAA genes in human.
To implement a mouse KIAA cDNA project as described above, a set of mouse KIAA cDNAs would be a key resource. Although many research groups have been actively working on establishing a comprehensive collection of mouse full-length cDNAs, a large number of mouse KIAA genes remain uncharacterized.
7-9 When we planned this project in 2001, about 75% of mouse KIAA genes were totally unknown or only partially characterized in the public databases. Thus, we decided to isolate mouse cDNA clones homologous to KIAA cDNAs. The collection of mouse KIAA-homologous cDNA clones, even if some of them have already been characterized to some extent by others, would give us an important resource in the functional analysis of KIAA genes. In some cases, the characterization of mouse KIAA-homologous cDNAs might enable us to evaluate the integrity of human KIAA cDNAs, which we consider an additional important benefit of this project. However, to our knowledge, systematic isolation of homologous cDNA clones to a given set of cDNAs has not been reported yet. Therefore, to accomplish this in an efficient manner, we set up a high-throughput clone selection system.
In this study, we selected mouse KIAA-homologous cDNA clones to be sequenced by screening their terminal sequences in silico; then we determined the entire nucleotide sequences of 100 mouse cDNA clones thus selected. The results indicated that this selection system well worked for isolation of mouse KIAA-homologous cDNA clones, but the integrity of the isolated mouse cDNA clones varied from clone to clone, as anticipated from our previous experience. 10 We herein describe the characteristics of 100 cloned mouse KIAA-homologous cDNAs, termed mKIAA cDNAs, and the evaluation results of integrity of their CDSs in comparison with human KIAA cDNAs. Other lines of information obtained by comparison of mouse KIAA cDNA sequences with human ones are also described.
Selection of Mouse KIAA-homologous cDNAs to be Entirely Sequenced
cDNA clones screened were isolated from sizefractionated libraries derived from four different mouse tissues: adult brain, embryonic intestinal tract, adult thymus and embryonic tail. These cDNA libraries were previously constructed by the in vitro recombinationassisted method.
11 For selection of mouse KIAAhomologous cDNA clones, more than 20,000 clones from size-fractionated libraries (adult brain, from 3 kb to 7 kb; embryonic intestinal tract, from 5 kb to 11 kb; embryonic tail, from 4 kb to 5 kb: adult thymus, from 6 kb to 8 kb) were subjected to single-pass sequencing from 5 and/or 3 ends as described before.
11 Since the sizes of mouse KIAA-homologous cDNAs to be sequenced should be as large as those of the corresponding human KIAA cDNAs, the use of size-fractionated cDNA libraries excluding small-sized cDNA clones made sense because most KIAA cDNAs are larger than 4 kb. Subsequently, the single-pass end sequences were subjected to BLAST search against human KIAA cDNA sequences (http://www.kazusa.or.jp/huge/), and cDNA clones with the end sequences possessing the BLAST score of 120 or greater were selected as candidates of mouse KIAA-homologous cDNA. 12 To minimize the risk of selecting wrong clones due to the presence of fortuitously occurring KIAA-homologous sequences in mouse cDNAs, manual inspection was additionally performed at the final clone selection stage. The cDNA clones thus selected were subjected to entire sequencing by a shotgun approach with a slight modification to the previously reported protocols.
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Using the selection method described above, we analyzed 100 mouse cDNA clones in this study. Of the 100 cDNA clones reported here, 93 were derived from the adult brain libraries, 4 from the embryonic intestinal tract libraries, 2 from the embryonic tail libraries, and 1 from the adult thymus libraries. Twenty-five mouse cDNA sequences shown in Fig. 2 were found to contain multiple CDSs in respective cDNA sequences whereas the remainder carried single CDSs predicted by GeneMark analysis (Fig. 1) . As discussed in the previous study, the occurrence of multiple predicted CDSs in a single cDNA sequence was taken as a sign of spurious CDS interruption in the mouse KIAA-homologous cDNA sequences, which was caused by errors of reverse transcription, retained intron(s), or other cloning artifacts.
Analysis of the
13 Such possible spurious CDS interruption sites were experimentally examined in the analysis of human KIAA cDNA clones in our previous studies, and the cDNA sequences were deposited after revision based on the experimental results.
10 Because CDSs of a considerable number of human KIAA cDNAs had been experimentally verified in this way, we considered it possible to evaluate the integrity of CDSs through comparison of mouse KIAA-homologous cDNAs with human KIAA cDNAs. Since it is most likely that human and mouse proteins in an orthologous relationship have highly similar primary structures, the comparison enabled us to predict the structures of mKIAA cDNAs with confidence. By comparing mouse KIAA-homologous cDNA sequences with human KIAA cDNA sequences, the following mouse cDNA clones, designated mKIAA plus the same 4-digit number as corresponding human KIAA cDNAs as described later in detail, were identified to carry spurious CDS interruptions: 7 mKIAA cDNA clones (mKIAA0155, mKIAA0255, mKIAA0392, mKIAA462, mKIAA0695, mKIAA1217, and mKIAA1834) are supposed to retain intron(s); 1 mouse cDNA clone (mKIAA1775) appeared to contain a nonsense mutation; and 13 mouse cDNA clones (mKIAA0304, mKIAA0315, mKIAA0336, mKIAA0575, mKIAA0627, mKIAA0664, mKIAA0774, mKIAA0898, mKIAA0913, mKIAA1066, mKIAA1125, mKIAA1132, and mKIAA1239) appeared to contain frame-shift errors. The frame-shift mutations in cDNAs were caused by a one-or two-nucleotide insertion/deletion, which is frequently found in regions with homopolymeric runs and is most likely due to errors in reverse transcription as described previously.
14 It is interesting to note the case of KIAA0910. Our cDNA sequence for KIAA0910 corresponds to an alternatively spliced form of synaptojanin, for which two alternatively spliced isoforms are reported. 15 Interestingly, the predicted downstream CDS in human KIAA0910 corresponds to the carboxy-terminal portion of the other alternatively spliced form of synaptojanin. The cDNA clone for mKIAA0910 had a highly similar cDNA structure to human KIAA0910 cDNA, which indicated that this mouse cDNA clone encoded the same alternatively spliced form as KIAA0910 cDNA. Since our preliminary study revealed that the KIAA0910-type alternative form was dominant in brain (data not shown), the isolation of the same alternatively spliced forms from mouse brain as that from human brain was not surprising.
We were also able to evaluate the authenticity of other predicted short CDSs from the comparison with the human and mouse KIAA cDNA structures. mKIAA0531 cDNA contained one additional short CDS predicted by GeneMark (Fig. 2) . Since the GeneMark analysis did not predict the corresponding short CDS in human KIAA0531 cDNA although mouse and human KIAA0531 cDNA sequences were highly similar, we concluded that the second short CDS in mKIAA0531 was falsely predicted. Judging from the nucleotide similarity between the human and mouse KIAA0774 cDNA sequences, we determined that the secondarily detected CDS in mKIAA0774 cDNA was real whereas the second short CDS predicted in human KIAA0774 cDNA appeared to be spurious (Fig. 2) . On the other hand, cDNAs for human KIAA0376 and KIAA0384 carried multiple CDSs predicted by GeneMark analysis (Fig. 2 ). Since mouse cDNA clones for mKIAA0376 and mKIAA0384 were predicted to have single CDSs in spite of the fact that their nucleotide sequences were highly similar to those of human KIAA0376 and KIAA0384, respectively, the comparison of these KIAA cDNA sequences isolated from human and mouse suggested that the secondarily detected CDSs in these human KIAA cDNAs were spurious. Although we have failed to experimentally verify the authenticity of the CDS interruptions predicted for some human KIAA cDNAs, the results indicated that the mouse KIAA cDNA sequences in fact provided us with another clue to evaluate the integrity of the previously isolated human KIAA cDNA sequences with confidence.
Sequence features of mouse KIAA-homologous
cDNAs As described above, we noticed that some KIAA cDNAs were already reported by other groups. Thus, we compared the determined mouse KIAA cDNA sequences with cDNA sequences available in the public databases to discriminate known mouse KIAA cDNAs from unknown ones. These mouse cDNA sequences were first subjected to FASTA homology search against a sublibrary consisting of known mouse cDNA sequences, excluding mouse a) Accession numbers of DDBJ, EMBL, and GenBank databases. The accession numbers for mKIAA0005, mKIAA0388, mKIAA0647, mKIAA1091, and mKIAA1544 are those deposited by other groups because these cDNAs encoded the identical proteins to those reported previously. b) Values excluding poly(A) sequences. c) We calculated the lengths and the nucleotide identities only for CDSs encoding more than 100 amino acid residues predicted by GeneMark analysis, based on the alignment of CDSs of human and mouse KIAA cDNAs shown in Fig. 1 . The sequence alignment was obtained from the FASTA results for which we described in the legend of Fig. 1 . In the calculation, a single contiguous gap was counted as a single mismatch. d) We calculated the lengths and the nucleotide identities of 3 UTR regions only when the stop codon was found at the same site in the amino acid sequence alignment between the mouse and human. Thus, the lengths and the nucleotide identities were not calculated for 3 UTRs of mKIAA cDNAs which did not meet this criterion (shown as "ND"). Figure 1 . Schematic representation of structures of mKIAA and KIAA cDNAs which had a single predicted CDS. A shotgun method was applied to determine the entire sequence of cDNA clones according to the method previously reported 6 except for the following points: Shotgun fragments derived from whole plasmid DNA were ligated into the dephosphorylated Sma I-digested pBS2SK-EXPSB vector which was constructed by inserting an Xho I-attB1-Sma I-BamH I-attB2-Bgl II fragment into the Xho I-BamH I site of a pBluscriptII(SK−) vector; The templates for sequencing were amplified by direct colony PCR (Nippon Gene, Japan) and excess primers and dNTPs were degraded by shrimp alkaline phosphatase and exonuclease I. 23 ; Sequencing reactions were performed with a BigDye terminator cycle sequencing kit (v3.0, Applied Biosystems, USA) and DYEnamic ET cycle sequencing kit (Amersham Biosciences) using T7, T3, or M13 forward and reverse primers, and analyzed by ABI 3700 (Applied Biosystems) and RISA 384-capillary DNA sequencers (Simadzu, Japan), respectively; The assembling of shotgun sequences was performed by SEQUENCHER TM (v4. 24 The start and end points of the aligned region(s) between mKIAA (M) and KIAA (H) CDSs are tied with thin lines on the basis of the results of FASTA analysis of amino acid sequences predicted from corresponding CDSs. 25 In this analysis, CDSs with amino acid identity higher than 50% in mKIAA and KIAA cDNAs were recognized as homologous. SINEs and other repetitive sequences are displayed by dotted and hatched boxes, respectively. A canonical polyadenylation signal sequence (AATAAA) and its single-nucleotide variants are represented by red lines when they existed in the same or close (within 5 bases) positions on the aligned sequences between mKIAA and KIAA cDNAs, and at least one of them was in the 35-bp upstream regions of the 3 -extreme end. If another polyadenylation signal sequence for the particular cDNA is found downstream from the possible polyadenylation signal sequence thus detected by the alignment of mKIAA and KIAA cDNA sequences, the upstream latent polyadenylation signals are highlighted as red lines; accompanying asterisks indicate that these hexamer sequences were likely to be for alternative polyadenylation. On the other hand, the polyadenylation signal hexamer sequences found at the 3 -end are represented by green lines when they were located differentially (the difference of their positions, > 5 bases) on the aligned sequences of mKIAA and KIAA cDNAs or they were present only in one of the mKIAA and KIAA cDNAs. expressed sequence tags (ESTs) and the genomic sequences, generated from GenBank (release 131.0). Based on the results of this homology search, we conventionally defined newly identified mouse cDNAs as follows: Although mouse KIAA-homologous cDNAs encoding perfectly identical mouse proteins to those in the public databases were classified as known cDNAs, the rest were considered to be newly identified cDNAs because their sequence information might have some biological significance; even if mouse KIAA-homologous cDNAs encode proteins identical to those in the public databases, they were considered to be newly identified when they contained new sequence information in their untranslated regions (UTRs). As a general rule, only the newly identified mouse cDNA sequences thus defined were deposited to the DDBJ/EMBL/GenBank databases. Their accession numbers are given in Table 1 .
According to the aim of this project, cDNA clones derived from mouse orthologues of human KIAA genes were the targets. However, there was a risk of isolating cDNA clones originating from mouse paralogues of human KIAA genes under the screening method employed here. Because we have already accumulated information as to whether or not a paralogous gene(s) is present for each KIAA in human, we carefully examined whether the isolated mouse cDNA was the real orthologue of human KIAA cDNA or not when the human KIAA gene was known to be a member of a multi-gene family. The mouse orthologous KIAA genes thus identified were designated mKIAA plus 4-digit number, which is the same as that given to the corresponding KIAA gene, as already described above.
Repetitive elements in the mKIAA cDNAs
Repetitive sequences detected in human and mouse cDNA sequences by RepeatMasker (Smit, A. F. A. and Green, P., RepeatMasker at http://ftp.genome. washington.edu/RM/RepeatMasker.html) using Repbase 7.5
16 are also indicated in Figs. 1 and 2 . Short interspersed nucleotide elements (SINEs) and other repet-itive sequences are differentially displayed by dotted and hatched boxes, respectively. Most of the repetitive sequences exist predominantly in introns of mammalian genes and they are not conserved between mouse and human.
17 However, repetitive elements are known to occur in about 10% of mammalian mRNAs with the highest probability in the 3 UTR and with the lowest probability in CDS.
18-21 Therefore, most of the repetitive sequences observed upstream from the predicted CDSs in human and/or mouse KIAA cDNAs might indicate the existence of unspliced introns at their 5 ends, whereas the occurrence of repetitive sequences in the 3 UTR did not necessarily implicate the presence of an intronic sequence at their 3 ends.
Comparison of structures of mouse and human
KIAA cDNAs The nucleotide sequence identities between KIAA and mKIAA cDNAs are shown in Table 1 . The mean sequence identity between respective pairs of KIAA and mKIAA cDNAs in CDS was 87.0 ± 4.2% (mean ± SD), while that in 3 UTRs was 74.3 ± 9.1% (mean ± SD). Since the assignment of 5 UTRs was ambiguous at present, we did not analyze their sequence identities between KIAA and mKIAA cDNAs. The observed sequence identities of KIAA and mKIAA cDNAs in CDS and 3 UTR agreed well with the values previously reported, though the mean sequence length of KIAA and mKIAA in CDS and 3 UTR are 2-3 times longer than that reported previously.
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We next compared the structures of the 3 UTRs of KIAA and mKIAA cDNAs in more detail. When we took the canonical polyadenylation signal sequence (AATAAA) and its single-nucleotide variants as plausible polyadenylation signal sequences, 22 80 of the mKIAA cDNAs reported here contained plausible polyadenylation signal sequences at the 3 -end, whereas the remaining 20 mKIAA cDNAs did not ( Figs. 1 and 2 ). The mKIAA cDNAs without any plausible polyadenylation signal sequence might be synthesized by internal priming of oligo dT primer during reverse transcription and thus the assignment of their 3 UTR was ambiguous. Thus, in addition to the identification of the plausible polyadenylation signal sequences in the 3 UTR of mKIAA cDNAs, we compared the 3 UTR sequences of KIAA and the mKIAA cDNAs through aligning them using the GAP in GCG software package (Wisconsin Package version 10.3, Accelrys Inc., CA, USA). The comparison of 3 UTRs in KIAA and mKIAA cDNAs suggested that some of the mKIAA cDNA clones reported in this study might be alternatively polyadenylated to the corresponding human KIAA cDNA clones; the homologous 3 UTR region in a KIAA or mKIAA cDNA was sometimes followed by an additional downstream 3 UTR region. In each of these cases, a latent polyadenylation signal sequence was found at the 3 -end of the homologous region, where an actual polyadenylation signal sequence was present at the 3 -extreme end of the corresponding cDNA. The possibility that alternative polyadenylation sequences were present at these sites was further supported by the data of 3 -ESTs in the public database (data not shown), except for KIAA0376. All the vertical thick lines showing the alternative polyadenylation sites are in red with asterisks, which indicated that all these latent polyadenylation signal sequences in KIAA and mKIAA cDNAs were matched with those in corresponding mKIAA and KIAA cDNAs, respectively. These results indicated that we isolated alternatively polyadenylated KIAA cDNAs from human and mouse. The plausible polyadenylation signals thus identified, including latent polyadenylation signals, are illustrated in Figs 
Comparison of hexamer polyadenylation
sequences in KIAA and mKIAA cDNAs The analysis described above made it possible to compare the hexamer sequences for polyadenylation in each set of KIAA and mKIAA cDNA clones. Table 2 lists the actual hexamer sequences found in each of KIAA and mKIAA cDNA clones and their positions counted from the 3 -extreme ends. Interestingly, 88% of the hexamer sequences were well conserved among 76 sets of KIAA and mKIAA cDNAs that both had possible polyadenylation hexamer sequences if we count the latent polyadenylation signals in place of the actual polyadenylation signals in the case of alternatively polyadenylated cDNAs ( Table 2 ). The observed rate of the occurrence of the conserved hexamer signal sequences was considerably higher than that expected from the averaged sequence identities of 3 UTRs of KIAA and mKIAA cDNAs shown in Table 1 . Furthermore, Table 2 also shows that the canonical polyadenylation hexamers (AATAAA) were highly conserved whereas its single-nucleotide variants were relatively variable between KIAA and mKIAA genes. Although we do not know whether or not this observation was statistically significant at present, the comparison of the hexamer polyadenylation signal sequences in more sets of KIAA and mKIAA cDNAs might give some insight into the role of the hexamer sequence in the polyadenylation process. a) cDNAs derived from these KIAA genes were found to be alternatively polyadenylated in KIAA and mKIAA cDNAs. In these cases, the hexamer sequences of the latent polyadenylation signals detected by the sequence alignment, in place of the actual polyadenylation signals located at the 3 end of the isolated cDNA clones, were subjected to this comparison. b) The position of the hexamer is indicated as a negative value of the nucleotide residue number between the 3 -extreme end of cDNA and the first hexamer residue. The positions of latent polyadenylation are indicated by asterisks.
Concluding Remarks
The ultimate goal of this mouse cDNA project is to accumulate mouse cDNA resources that expedite and complement the functional studies of human KIAA genes. Thus, this project cannot be expected to provide us a wealth of new structural information (e.g., domain organization) of KIAA genes because mKIAA genes almost always encode highly similar protein to human KIAA proteins and human KIAA protein sequences are already deposited in the public databases. However, we need to prepare a set of mKIAA cDNA clones and to know the exact mKIAA protein sequences in reality to conduct functional studies in the mouse; expression profiling usually requires exact nucleotide sequences of mKIAA cDNAs, regardless of the types of their platforms; production of antibodies against mKIAA proteins also requires precise knowledge of their primary structures; recombinant KIAA proteins to be functionally examined in the mouse system should be derived from mouse genes rather than human genes; and mouse proteomic analysis urges us to know the exact predicted protein primary structures, which are difficult to obtain from the mouse genomic sequence alone.
The results showed that the selection of mouse KIAA-homologous cDNAs by screening of terminal sequences of cDNA clones randomly isolated from size-fractionated libraries made it feasible to efficiently analyze mKIAA-homologous cDNAs. Although the integrity of CDS in each mKIAA-homologous cDNA clones varied from clone to clone, we could successfully predict mKIAA protein sequences with an average size of more than 900 amino acid residues. This allowed us to design antigens for production of antibodies against mKIAA proteins by this approach, even in the worst case. As an extension of this project, we have begun to prepare a set of antibodies using the obtained mKIAA cDNA clones and their sequence information.
